AD-A236 6 OFFICE OF NAVAL RESEARCH ‘ ‘__} T l CV

<x

WOMENIE oo oemsnon & ssiotooi§

R&T Code 400x056yip01&02 c

Technical Report No. 4

p1' &
Facile Li/HMPA-Promoted Polymerization Method for the Synthesis of Soluble -
Poly(phenylenes) e
by dsuasalon !‘ar_ 2
251 '. T BRI
James M. Tour and Eric B. Stephens DTN TaR e :
Department of Chemistry e ernged o é

University of South Carolina

: Jusnir'caticn.________;
Columbia, SC 29208 = '

i

!
1
i

DBy
|
C . . CDistriotio
Accepted for Publication in f.-—?-i-b RLEERE
A nl' 2B e Lr Cedes
T TAvetl sadfes |
Journal of the American Chemical Society Dist | aecial i

ml

Reproduction in whole, or in part, is permitted for any purpose of the United States
Government

This document has been approved for public release and sale; its distribution is
unlimited.

91-00992
lllll!llllllﬂlllllﬂllllllﬂﬂliiﬂlllﬂl

91 6 3 008




SECURITY CLASSIFICATION OF =15 PAGE

Form Approved
REPORT DOCUMENTATION PAGE OMB No. 0704-0188 l
1a. REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS
Unclassified
' 28. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION/AVAILABILITY OF REPORT
2b. DECLASSIFICATION / DOWNGRADING SCHEDULE Approved for Public Release
I'a. PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)
Report No. 4
6a. NAME OF PERFORMING ORGANIZATION 6b. ?';FICEPl _SY!:\lB?L 7a. NAME OF MONITORING ORGANIZATION
applicable
University of South Carolina &
ONR
6¢c. ADDRESS (City, State, anc 2iP Code) 70. ADDRESS (City, State, and ZIP Code)
Department of Chemistry Department of Navy
Columbia, SC 29208 Arlington, VA 22217
8a. NAME OF FUNDING /SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (if applicable)
ONR
8¢ ADDORESS (City, State, and ZiP Code) 10. SOURCE OF FUNDING NUMBERS l
800 N. Quincy Street PROGRAM PROJECT TASK WORK UNIT
Arlington, VA 22217 ELEMENT NO. NO. NO. IACCESSION NO.

1N00014-89 J-3062

11. TITLE (Inciude Securrty Classification)
Facile Li/HMPA-Promoted Polymerization Method for the Synthesis of Soluble Poly(phenylenes)

12. PERSONAL AUTHOR(S)

James M. Tour, Eric B. Stephens

13a. TYPE OF REPdRT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) [15. PAGE COUNT
Preprint FROM 5/90 T05/91 May 16, 1991

16. SUPPLEMENTARY NOTATION
J. A. Chem. Soc. 1991, 113, 2309.

17. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP SUB-GROUP Poly(phenylene), aryl-aryl polymerization, HMPA

115, ABSTRACT (Continue on reverse f necessary and identify by biock number)
A synthesis of poly(phenylene) is described by the treatment of 1-bromo-4-

lithiobenzene with hexamethylphosphoramide (HMPA). The polymerization
occurred nearly instantaneously even at -78°C. Conditions have been optimized
using dioxane as a solvent and HMPA addition at 70-80°C to afford poly(phenylenes)
that are predominantly para-linked. The polymers are soluble in THF,

dichloromethane, and chloroform. Analysis of the initially formed polymers showed
that there was a high bromide content (approximately one bromide for every three
aryl rings). Debromination of the material was achieved by treatment with
butyllithium and quenching with water. The My of the debrominated polymer was
3178 by SEC analysis. Functionalization of the polymer was demonstrated by the
lithium-halogen exchange on the initially formed brominated polymer followed by
quenching with carbon dioxide to afford the carboxylated polymer. The brominated
and debrominated polymers were shown to be electroactive.

20. DISTRIBUTION / AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
UNCLASSIFIEDAUNUMITED [ 3aME AS RPT. 3 DTIC USERS Unclassified

228. NAME OF RESPONSIBLE !NDIVIDUAL 22b. TELEPHONE (Include Area Code) | 22¢. OFFICE SYMBOL
James M. Tour K. J. Wynne (803) 777-9517
—

NP
DD Form 1473, JUN 86 Previous editions are obsolete. RITY CLASSIFICATION OF THIS PAGE




A Facile Li/HMPA-Promoted Polymerization Method for the Synthesis of
Soluble Poly(phenylenes)

James M. Tour*.1 and Eric B. Stephens
Department of Chemistry
University of South Carolina
Columbia, South Carolina 29208

REVISED

Abstract

A synthesis of poly(phenylene) is described by the treatment of 1-bromo-4-
lithiobenzene with hexamethylphosphoramide (HMPA). The polymerization
occurred nearly instantancously even at -78°C.  Conditions have been optimized
using dioxane as a solvent and HMPA addition at 70-80°C to afford poly(phenylenes)
that are predominantly para-linked. The polymers are soluble in THF,
dichloromethane, and chloroform. Analysis of the initially formed polymers showed
that there was a high bromide content (approximately one bromide for every three
aryl rings). Debromination of the material was achieved by treatment with
butyllithium and quenching with water. The My of the debrominated polymer was
3178 by SEC analysis. Functionalization of the polymer was demonstrated by the
lithium-halogen exchange on the initially formed brominated polymer followed by
quenching with carbon dioxide to afford the carboxylated polymer. The brominated
and debrominated polymers were shown to be electroactive.




Poly(p-phenylene) (PPP) (1) has attracted much interest since it can act as an

O
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excellent organic conductor upon doping.2 The conductivity of doped PPP has
reached beyond the semiconducting and into the conducting region with values of
500 Q-lcm-1 being reported for the pressed pellets (films could not be formed due to
the insolubility). There have been numerous syntheses of PPP; however, in nearly
all cases, the materials are insoluble and intractable in organic solvents.3-10 The
most widely used methods for PPP formation involve the Kovacic and Yamamoto
approaches that afford materials with degrees of polymerization of 10-15.2 Thus these
arc oligomeric materials.

Here we report the nearly instantancous polymerization of 1-bromo-4-
lithiobenzene (2) by treatment with hexamethylphosphoramide (HMPA)!! 1o afford
poly(phenylene) which is predominantly para-linked. Some amount of me:a-
linkages causes the crystallinity to be destroyed rendering polymers that are soluble
even with degrees of polymerization ~40. The ability to form soluble and tractable
poly(phenylenes) which are predominantly para-linked could possibly allow new
applications of this material for light weight rechargeable battery and
electrochemical cell fabrications.2.12

Our initial approach involved the formation of (2) by the treaitment of 1,4-
dibromobenzene in ether at -78°C with two equivalents of r-butyllithium in pentane
(slow addition). The first equivalent was for lithium-halogen exchange to form 2 and
t-butyl bromide. The second equivalent of the ¢-butyliithium was necessary for the
elimination of the t-butyl bromide to afford lithium bromide, isobutylene, and
isobutane. This conveniently made all the by-products innocuous. (The
intermediacy of 2 was confirmed in a separate experiment by the addition of
chlorotrimethylsilane to form 1-bromo-4-(trimethylsilyl)benzene in nearly
quantitative yicld.) Compound 2 was then trcated at the same temperature with
HMPA (1 equivalent relative to the starting dibromide) which promoted the nearly
instantancous polymerization to poly(phenylene) with a high bromide content (3)
(eq 1). Note that we have even quenched the reaction at -78°C by rapidly pouring
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the mixture into water to confirm that the polymerization was indeed taking place at
that temperature. This represents a new method of extremely facile, non-transition
metal-catalyzed aryl-aryl polymerization.

Our optimal procedure!3 for forming poly(phenylene) with high
concentrations of para-linked moieties was similar, however, the solvent used was
dioxane, r-butyllithium was added at 0°C, and infusion of HMPA was done at 70-80°C.14
This afforded polymer (3) with one bromide group for approximately every three
aryl rings in 25-30% yield after one fractional precipitation from ether.!3 It is clear
from the FTIR analysis that predominantly para-linked material is formed by the
strong band at 808 cm'! with weak bands at 882 and 790 cm-! attributed to the meta-
linkages.16 A band at 1900 cm-! was also attributed to the para-substituted units
while the C-Br stretch was evident at 1074 cm"!.5 The polymer was soluble in THF,
dichloromethane, and chloroform. The presence of phenylated polyphenylene can
not be ruled out at this point.9 Though powder X-ray diffraction (XRD) signals have
been reported for -Kovacic2® and Yamamoto PPP,5 no diffraction pattern was
observed for 3, consistent with the solubility of the material. Likewise, scanning
electron microscopic (SEM) analysis showed a globular morphology pattern.  Size
exclusion chromatography (SEC) showed that 3 had a My = 2404 and My /M, = 2.33
relative to polystyrene and oligo(p-phenylenes).!? There was little, if any, aliphatic
material present in the polymer by !H NMR.

In order to accomplish debromination, 3 was dissolved in THF and cooled to -
78°C. ¢-Butyllithium was added and the solution was stirred fo: 1 h at the same
temperature before being quenched with water to afford the debrominated polymer
4. There was 0% bromide content by elemental analysis. Again, no aliphatic material
was present in the sample. Remarkably, the My of our polymer increased from 2404
to 3178 (Mw/Mp = 2.80) upon debromination while thc material remained soluble with
degrees of polymerization >40. Some possible explanations could be that (1) the
bromide content in 3 caused the polymer to be retained more tightly by the SEC
columns (cross-linked polystyrene) and thus respond as a lower molecular weight
material or (2) re-lithiation caused a further coupling of the chains. The solubility




of the material suggests that there was little or no crosslinking of the chains. Again,
no powder XRD signals were observable and SEM showed a globular morphology.

The reported CP/MAS/!3C NMR for PPP varies according to the method of
preparation. Kovacic PPP shows resonances at § 139, and 128 while commercial PPP
bhas shifts at & 143, 133, 130, 124.!8 For compound 4, the !13C NMR (125 MHz, CDCl3)
chemical shifts obtained were at § 140.66 (br), 128.80, 127.26. Further, the proton
spin lattice relaxation times (T;) of oligo(phenylenes) are known to decrease with
increased chain lengths and ranges of 910 s for biphenyl to 0.48 s for PPP have been
reported.!?® We found that compound 4 exhibited a T; range 0.9 - 1.4 s, consistent
with high molecular weight material.

The UV data for oligo(phenylenes) have been reported. The value of Apmax for
p-sexiphenyl and m-sexiphcnyl are 318 and 248 nm, respcctively.zo Polymers 3 and
4 showed Amax at 274 and 278 nm, respectively. Again, these values are indicative of
mixtures of para- and metra-linked units.

We demonstrated that the polymers prepared by this Li/HMPA-promoted
coupling are electroactive. A Pt-clectrode was coated with films of both compounds 3
and 4. Anodic peak potentials (Epa) for the oxidation were at 1.44 and 145 V,
respectively.2!

Additionally, we wused the lithiated polymer to prepare functionalized
derivatives. For example, 3 was lithiated as described above and quenched with dry
ice to afford the carboxylated polymer § with one carboxylic acid moiety per three
aryl units (eq 2).22 The FTIR (KBr) spectrum was free of the C-Br stretch at 1074

Br CO.H
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cm-! with the major stretch at 1686 cm-! for the carbonyl moiety. The O-H stretch
was weak presumable due to restricted hydrogen bonding in the solid. This
procedure could have applications for the synthesis of functionalized polymers for
self-doped conducting systems with fast electrochromic switching times and the
fabrication of polymer-based batteries with high charge storage capacities.23

We do not have a clear understanding of the mechanism of the aryl couplings.
The surprising aspect is that 3 unquestionably exhibits a predominance of para-
linkages while much of the bromide content is retained. Migrations of lithium and
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bromide in bromo-lithio(heteroaromatics) are known under the base catalyzed
halogen dance (BCHD) conditions.24 The Taylor approach to PPP involving 14-
dichloro-2-butene as a promoter for the polymerization of (4-
bromo)phenylmagnesium bromide may involve similar electron transfer
phenomena.® Additionally, the copolymerization of 2,5-dilithiothiophene with 2,5-
dibromothiophene to afford poly(thiophene) has been reported.25 However, as we
described here, the addition of HMPA dramatically facilitates the aryl-aryl coupling
process. A study of the scope and mechanism26 of the polymerization as well as the
detailed electrical and thermal analyses of the materials is in progress.
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